ABSTRACT
Small molecule search engines, which can scan (Csizmadia, 2000; Ihlenfeldt et al., 2002) and cluster (Wild and Blankley, 1999) compounds are available on the Internet. The main objective for the development of the new server was to provide the possibility to create novel index profiles for compound families. The application of profiles of protein sequences for families of homologs as used in PSI-BLAST has dramatically increased the sensitivity of sequence similarity search methods in the past (Altschul and Koonin, 1998) . The new small compound scanning server follows the same rationale and increases the accuracy of the search process.
The clustering and search algorithms are based on * To whom correspondence should be addressed.
two-dimensional structure similarity, where molecular structures are represented by modified hashed fingerprints (Daylight Chemical Information Systems, 2000) . The Modified Tanimoto Coefficient (MTC) is used as similarity metric between molecules. The client program of the server uses a complete linkage algorithm for clustering of molecules. The user can specify an MTC cutoff value (between 0 and 1) for the minimum similarity between every pair of molecules in the cluster. The clustering algorithm generates groups (clusters), which can be manually adjusted by the user, by selecting or deselecting molecules. All loaded molecules are automatically displaying using the Marvin Applet ChemAxon Ltd. http://www.chemaxon.com/marvin in a separate window. Small compound scanning is conducted on the server side and can be based on either one of two search strategies: multiple search or profile search. The multiple search algorithm iteratively downloads molecules found for each of the molecules of the cluster. If a database molecule exceeds the query similarity threshold to multiple comparison molecules in a cluster, its final ranking is determined by its maximum similarity value to any cluster member. In contrast one single virtual molecule is used in the profile search strategy. A virtual molecule has all the indices that occurred in molecules of the cluster with frequencies averaged over the whole cluster. The profile search algorithm is obviously much faster than multiple searching. In both methods the downloaded molecules are displayed below the molecules of the selected group (cluster) and they are sorted by the similarity value in descending order.
Both similarity search strategies can be applied on three data sets: the Anti-HIV Database, the Drug-likeness ncidb2/help.htm). The NCI Database (Voigt et al., 2001) contains 250 249 molecules (235 012 molecules contained in previous subsets and additional 15 237, not functionally annotated molecules).
A search accuracy test was conducted on 42 689 anti-HIV-1 inhibitors. 1081 moderately active inhibitors were used as starting set. The other inhibitors (423 active and 41 185 inactive) remained in the database on the server. The goal of this scan was to find the maximum number of active inhibitors in the database using the moderately active inhibitor molecules as queries. The results (Fig. 1) show the superiority of the profile search strategy compared with standard bit-wise fingerprints.
The Ligand.Info system can be used to download and visualize compounds, which are similar to the molecules provided by the user. The system offers the possibility to apply the index profile based search strategy. This strategy has shown superior performance in our Anti-HIV drug search benchmark. The Ligand.Info database will be continuously updated with new compounds if they become publicly available and can be populated with compounds provided by the user.
